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We report electron spin resonance (ESR) spectroscopy results on the double perovskite Ba2YIrO6.
On general grounds, this material is expected to be nonmagnetic due to the strong coupling of the
spin and orbital momenta of Ir5+ (5d4) ions. However, controversial experimental reports on either
strong antiferromagnetism with static order at low temperatures or just a weakly paramagnetic
behavior have triggered a discussion on the breakdown of the generally accepted scenario of the
strongly spin-orbit coupled ground states in the 5d4 iridates and the emergence of a novel exotic
magnetic state. Our data evidence that the magnetism of the studied material is solely due to
a few percent of Ir4+ and Ir6+ magnetic defects while the regular Ir5+ sites remain nonmagnetic.
Remarkably, the defect Ir6+ species manifest magnetic correlations in the ESR spectra at T . 20 K
suggesting a long-range character of superexchange in the double perovskites as proposed by recent
theories.
PACS numbers: 76.30.-v, 76.30.He, 71.70.Ch, 71.70.Ej, 75.50.Ee
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Introduction.– Complex iridium oxides are attracting
since about 10 years unceasingly large interest in the con-
densed matter community worldwide due to predictions
of exotic ground states in these materials, such as a spin-
orbit assisted Mott insulating state, quantum spin liquid
phases, Weyl semimetallic behavior, and superconductiv-
ity (for reviews see, e.g., [1–5]). Such a rich behavior is
expected in iridates due to comparable energy scales of
spin-orbit coupling (SOC), electronic bandwidths, non-
cubic crystal fields and local Coulomb interactions U .
In the widely studied Ir-based compounds, such as,
e.g., layered perovskites Sr2IrO4 [6] and Sr3Ir2O7 [7],
honeycomb compounds Na2IrO3 [8], α-Li2IrO3 [9] and
their three-dimensional analogues β- and γ-Li2IrO3 [10–
12], hyperkagome compound Na4Ir3O8 [13] and several
other materials, the carrier of magnetic moments are Ir4+
(5d5) ions. Owing to the strong SOC, the spin (S) and or-
bital (L) momenta are entangled in Ir4+ giving rise to the
magnetic Kramers doublet characterized by the effective
spin jeff = 1/2 [14]. The complex structure of jeff = 1/2
states is in the core of theoretical models predicting ex-
otic magnetic behavior of iridates [15, 16]. In contrast,
in the case of Ir5+ (5d4) the S −L coupling should yield
a singlet ground state with the total angular momentum
J = 0, whereas the magnetic J = 1 triplet lies much
higher in energy [17] rendering Ir5+-based iridates non-
magnetic. In this respect, Ir5+ double-perovskite iridates
Sr2YIrO6, Ba2YIrO6, and their solid solutions have re-
ceived recently a great deal of interest due to controver-
sial reports on the observation of either strongly anti-
ferromagnetic behavior with static magnetic order at a
low temperature [18, 19] or only a weak paramagnetism
[20–25]. This has triggered in turn a substantial number
of theoretical works developing various scenarios of the
breakdown of the jeff description in 4d
4 and 5d4 Mott
insulators and its possible relevance to the Ir5+ double-
perovskite iridates [26–31], in particular, with regard to
the proposed mechanism of condensation of J = 1 exci-
tons [17].
In most of the experimental works magnetic properties
of (Ba,Sr)2YIrO6 were characterized by bulk static mag-
netometry and specific heat measurements which enabled
one to estimate the average magnetic moment, the aver-
age magnetic exchange coupling strength and to detect
a possible transition to the magnetically ordered state.
However, considering the controversy of experimental re-
sults and theoretical predictions, it is of paramount im-
portance to identify the exact origin of magnetic behav-
ior and to consolidate experimental results with existing
theories.
In this Letter, we report the results of such identi-
fication by means of multifrequency electron spin reso-
nance (ESR) spectroscopy. A decisive advantage of ESR
is the possibility to separate different contributions to
the total static magnetization, to study the dynamics
and correlations of different spin species, to determine
their spin multiplicity, and to measure their intrinsic spin
susceptibility. The sample used in our ESR study was
an assembly of small single crystals of Ba2YIrO6 char-
acterized structurally and magnetically in Ref. [21]. It
shows a weak magnetic response in the static suscep-
tibility corresponding to the average effective moment
µeff = 0.44µB/Ir with no signatures of magnetic order
down to 0.4 K. A rich ESR spectrum comprising several
lines was observed. A careful analysis of the frequency-
and temperature-dependent ESR data yields several im-
portant findings: (i) the total concentration of magnetic
centers contributing to ESR signals amounts to ∼ 4 %
of all Ir ions; (ii) the major part of them can be un-
ambiguously identified with Ir4+ (5d5) and Ir6+ (5d3)
magnetic ions. In particular, Ir6+ spin-only centers with
S = 3/2 show a typical triplet fine structure in the ESR
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FIG. 1. ESR spectra (field derivatives of absorption) at the X-
band frequency ν = 9.56 GHz at three selected temperatures.
The lines at ∼ 340 and ∼ 360 mT, and a triplet structure
centered around∼ 460 mT are labeled as gleft, gmid, and gright,
respectively, with the spin values assigned to each line.
spectrum and a characteristic shift of the spectroscopic
g factor; (iv) Ir6+ spin centers exhibit correlated behav-
ior below ∼ 20 K. This enables a definitive conclusion
that the magnetism of Ba2YIrO6 is not related to the
conjectured breakdown of the J = 0 state of the regular
Ir5+ (5d4) lattice in this material and the occurrence of
a weak magnetic moment on every Ir5+ (5d4) site but
is rather due to different kinds of interacting paramag-
netic defects which could even order magnetically at a
low temperature if their concentration exceeds a certain
threshold level.
Results.– Representative ESR spectra of Ba2YIrO6
at different temperatures measured at frequency ν =
9.56 GHz with a Bruker EMX X-band spectrometer are
presented in Fig. 1. Each spectrum comprises a set of
sharp resonance lines in the field range 0.33 − 0.49 T.
The triplet set of lines at the high field side is composed
of the main peak at a resonance field µ0Hres = 458 mT,
which is accompanied by two satellites at the left and
right sides of the main peak. At the low field side, there
are two lines at µ0Hres = 343 mT and 359 mT. Assum-
ing the simple paramagnetic ESR resonance condition
hν = gµBµ0Hres one obtains the effective g factors for
the left, middle, and high field side peaks of gleft = 2.00,
gmid = 1.90 and gright = 1.49, respectively. Here h is the
Planck constant, µB is the Bohr magneton, and µ0 is the
vacuum permeability.
The single lines gleft and gmid in the ESR spectrum can
be straightforwardly assigned to magnetic species car-
rying the spin S = 1/2. To identify the spin centers
giving rise to the triplet structure around 460 mT ESR
measurements at higher excitation frequencies have been
performed with a homemade spectrometer [32] equipped
with the PNA-X network analyzer from Keysight Tech-
nology and a 16 T superconducting magnet system from
Oxford Instruments. In Fig. 2, the ν −Hres diagram of
the resonance modes is shown. The resonance branches
ν(Hres) are linear in field. Their slopes ∂ν/∂H yield the
g factors that nicely agree with the result obtained at
ν = 9.56 GHz. As the g values for the three main lines are
different, the spacing between the lines in the spectrum
progressively increases with increasing ν. Remarkably,
this is not the case for the satellites of the gright peak.
Being resolved at ∼ 10 GHz, at higher frequencies they
remain hidden under the broadened main peak, suggest-
ing that this group of lines is characterized by the same
g factor gright = 1.49. Such a triplet structure typically
arises from magnetic species carrying spin S = 3/2. In a
solid, the (2S + 1)-fold degeneracy of the spin levels can
be partially lifted in a zero magnetic field due to a com-
bined action of the crystal field (CF) and the spin-orbit
coupling. The splitting of these levels giving rise to a
fine structure of the ESR signal can be described by the
Hamiltonian [33]
H = µB~S · g · ~H + ~S ·D · ~S. (1)
Here, the fist and second terms account for the Zeeman
interaction with the magnetic field and the interaction
with the crystal field, respectively. In a simple case of
uniaxial symmetry, the CF tensor D reduces to a scalar,
and the second term of (1) simplifies to
~S ·D · ~S = D [S2z − S(S + 1)/3] . (2)
It follows from (2) that the Kramers doublets | ± 1/2〉
and | ± 3/2〉 of the S = 3/2 spin multiplet are separated
in energy by 2D. This gives rise to a ”fine-structure”
of the ESR spectrum consisting of the main peak due
to the resonance transition | + 1/2〉 ↔ | − 1/2〉 and two
weaker in intensity satellites | ± 1/2〉 ↔ | ± 3/2〉 with a
frequency-independent offset ±D from the central line.
Since the integrated intensity of an ESR signal IESR
is proportional to the static susceptibility χ of the res-
onating spins [33], it can be compared with the bulk sus-
ceptibility measurements (Fig. 3). The T dependence of
the total intensity IESRtot of all lines in the ESR spectrum
of Ba2YIrO6 agrees very well with the static magnetic
data χ(T ) [Fig. 3(a)], suggesting that the same spins are
probed by ESR and static magnetic measurements. In
particular, IESRtot follows the Curie-Weiss law at higher
temperatures and, similar to χ(T ), deviates from it be-
low T ∼ 15 − 20 K signaling the onset of the correlated
regime for the resonating spins. The signal gright makes
the major contribution to IESRtot of ∼ 73 %, whereas sig-
nals gleft and gmid contribute to a much lesser extent (see
Table I). To estimate the absolute concentration ni of the
spins contributing to the respective signals their intensi-
ties were calibrated against a reference sample, a single
crystal of Al2O3 doped with a well-defined, small concen-
tration of Cr3+ ions (for details, see Refs. [34, 35]). The
analysis (summarized in Table I) reveals the total concen-
tration of spins
∑
i ni contributing to the ESR spectrum
of about 4 % per unit cell of Ba2YIrO6. This value is sim-
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FIG. 2. Frequency ν vs resonance field Hres dependence of the
peaks in the ESR spectrum (data points). Solid lines are fits
to the relation hν = gµBµ0Hres yielding the g factor values as
indicated in the plot. The insets show spectra at two selected
frequencies. The spectrum at 9.56 GHz was obtained by in-
tegration of the absorption derivative spectrum (cf. Fig. 1).
Arrows in the upper inset indicate the expected positions of
the satellites of the gright peak in the spectrum at 82.18 GHz
which are resolved at 9.5 GHz (lower inset).
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FIG. 3. T dependence of the inverse ESR intensity 1/IESR
at ν = 9.56 GHz and its comparison with the static bulk sus-
ceptibility χ: (a) total ESR intensity (diamonds, left scale),
bulk susceptibility (circles, right scale), and its Curie-Weiss
fit χ−1 = [χ0 + C/(T − θCW)]−1 with the antiferromagnetic
Curie-Weiss temperature θCW = −16 K and the Curie con-
stant C = 0.0294 cm3K/mol corresponding to the effective
magnetic moment µeff = 0.48µB/Ir (solid line, right scale);
(b) intensities of individual lines 1/IESRi . For better compar-
ison, the data are scaled as indicated in the legend.
ilar to the spin concentration evaluated from the analysis
of the static magnetic data [21].
As can be concluded from the comparison of Figs. 3(a)
and (b) the S = 3/2 centers which give rise to the
ESR signal gright are mainly responsible for the deviation
of the spin susceptibility from the paramagnetic Curie-
Weiss dependence at low temperatures, have the largest
Curie-Weiss temperature θCW (Table I), and, thus, are
”more correlated” than other spin species contributing to
TABLE I. Parameters of the lines in the ESR spectrum of
Ba2YIrO6: g factor, spin value S, Curie-Weiss temperature
obtained from ESR intensities of individual lines θCW, relative
spectral weights of the signals IESRi , absolute concentration
of spins per unit cell ni, and the orbital reduction factor k.
Signal g factor S θCW (K) I
ESR
i /I
ESR
tot (%) ni k
gleft 2.00 1/2 ∼ -2 ∼ 7 ∼ 0.6 1
gmid 1.90 1/2 ∼ -2 ∼ 20 ∼ 1.7 0.93
gright 1.49 3/2 ∼ -10 ∼ 73 ∼ 1.9 0.4
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FIG. 4. T dependence of the width ∆H of the ESR signals
gleft, gmid and gright (main peak) at ν = 9.56 GHz.
the signals gleft and gmid. Additional evidence for mag-
netic correlations at low T comes from the temperature
dependence of the ESR linewidth ∆H. Concomitantly
with the deviation of χ(T ) from the Curie-Weiss law the
linewidth begins to grow below ∼ 20 K, indicating the
onset of the critical regime characterized by the slow-
ing down of the timescale of spin-spin correlations and a
growth of their spatial extension [36]. At higher T , ∆H
becomes constant for gleft and gmid lines, which is typi-
cal for S = 1/2 systems with the dominant Heisenberg
isotropic exchange interaction in the noncritical regime
[36]. Interestingly, for the gright line, ∆H starts to in-
crease above ∼ 35 K again, which is indeed characteristic
for S = 3/2 systems where the phonon modulation of the
crystal field potential gives rise to a T -dependent spin-
lattice relaxation at elevated temperatures [37].
Discussion.– The small number of magnetic centers
contributing to the static magnetization and to ESR
spectra of the studied samples of Ba2YIrO6 enable a
conclusion that the majority of Ir5+ (5d4) ions in this
compound is in the expected nonmagnetic J = 0 state.
Thus, the observed magnetic response can be due to the
defect Ir sites in the structure with possibly different va-
lences which are likely to occur in a real material. In
this respect particular striking is the observation of the
S = 3/2 centers. Among common oxidation states of Ir,
only Ir6+ (5d3) has such a spin value. Three 5d electrons
4evenly occupy three orbitals of the t2g set rendering Ir
6+ a
spin-only S = 3/2 ion with no orbital momentum in first
order. A classical example of the fine-structure triplet
ESR spectrum of an S = 3/2 paramagnetic center is the
ESR response of Cr3+(3d3) ions in a octahedral ligand
coordination [33]. It is characterized by a g factor very
close to the spin-only value gs = 2 due to the absence of
the orbital contribution. A small negative shift ∼ −0.05
from gs due to the second-order spin-orbit coupling effect
is parametrized in the perturbation theory as [33]
g|| ≈ g⊥ = 2− 8kλ/∆. (3)
Here, indexes || and ⊥ denote parallel and perpendicu-
lar orientation, respectively, of the applied magnetic field
with respect to the symmetry axis of the octahedron,
λ is the SOC constant, ∆ is the energy difference be-
tween the t2g and eg sets of orbitals, and k ≤ 1 is the
so-called orbital reduction factor which accounts for the
covalent character of the metal-ligand bonds (k = 1 for
ionic bond). A substantially larger negative g shift of
−0.51 of the gright signal can be consistently explained
by a combined effect of a much stronger spin-orbit cou-
pling in 5d Ir as compared to a 3d ion and the coun-
teracting effect of the strongly covalent character of Ir -
O bonds of the highly oxidized Ir6+ [38]. Indeed, with
λ ≈ 0.5 eV [39], ∆ ≈ 3.2 eV [38], and gright = 1.49, one
obtains from (3) a rather small value of k = 0.4 as is gen-
erally expected for 5d elements in a high oxidation state
(see, e.g., [40–42]).
The S = 1/2 ESR line gmid is characterized by a
smaller but still a significant negative shift of the g fac-
tor from gs = 2. This signal can be assigned to Ir
4+
(5d5) centers with the effective spin jeff = 1/2 covalently
bonded with the ligands. Since the spin and orbital mo-
menta are entangled in the Ir4+ iridates [14], the g factor
is generally anisotropic if the ligand coordination devi-
ates from an ideal octahedral symmetry [33, 43]:
g|| = (gs + 2k) cos2 α− gs sin2 α; (4)
g⊥ =
√
2k sin 2α+ gs sin
2 α; tan 2α = (2
√
2λ)/(λ− 2δ).
Here, δ is the energy difference between (xz, yz) and xy
orbitals of the t2g set arising due to uniaxial distortion.
For small distortions δ  λ, g|| ≈ g⊥ ≈ (gs+4k)/3. With
gmid = 1.9, one obtains k = 0.93. The larger value of k
as compared to the ESR line gright is fully consistent with
the expected smaller covalency of the Ir4+- O bond due
to a lower oxidation state of the metal ion [38]. Similar
results were reported for Ir4+ centers in other hosts with
nearly cubic local symmetry [44, 45]. Finally, the small-
est in intensity ESR signal gleft = gs = 2.0 presumably
arises from some S = 1/2 defect centers without sizable
covalency effects (k = 1). Given a very small concentra-
tion of ∼ 0.6 % of these spin species (Table I), they could
be tentatively assigned to stable radical centers localized
at structural imperfections often found in oxide materi-
als (see, e.g., [46]). Both gleft and gmid centers carrying a
small spin S = 1/2 can be considered as the spin probes
sensitive to magnetic correlations in the subsystem of the
interacting Ir6+ S = 3/2 sites in Ba2YIrO6. This ex-
plains pronounced low-T upturns of the linewidths of the
gleft and gmid signals (Fig. 4) most likely arising due to
inhomogeneous quasistatic local fields developing in the
S = 3/2 correlated network below ∼ 15− 20 K. Here one
can trace an analogy with an inhomogeneous broadening
of a nuclear magnetic resonance signal of a magnetic solid
due to the enhancement of electron spin correlations (see,
e.g., [47]).
The exact reasons for the occurrence of Ir6+ S = 3/2
centers that appear to be mainly responsible for the un-
expected correlated magnetism of Ba2YIrO6 have yet to
be elucidated. Since the partial concentrations ni of
gmid and gright centers are close (Table I), one think-
able scenario could be a partial static charge dispropor-
tionation Ir5+ ⇒ Ir4+ + Ir6+. Indeed, since the ESR
intensity is proportional to the square of the effective
moments of the spins contributing to a given resonance
line IESR ∼ µ2eff = g2S(S + 1)µ2B [33], then with g fac-
tors from Table I one obtains the ratio IESR(Ir6+, S =
3/2)/IESR(Ir4+, jeff = 1/2) = 3.1, which is close to the in-
tensity ratio of the gmid and the gright signals of 3.65 (Ta-
ble I). Additionally, Ir6+ sites could probably arise due
to oxygen excess and/or Ba deficiency. The fact that, de-
spite a relatively small concentration of Ir-related defects,
they exhibit spin-correlated behavior below ∼ 20 K im-
plies significance of long superexchange paths involving
several oxygen bridges. This supports theoretical scenar-
ios of the long-range character of magnetic interactions
in the 5d double perovskites [48, 49] with the active role
of nonmagnetic cations, such as Y3+, as mediators of
exchange [49]. Furthermore, if to consider the antisite
Y↔ Ir disorder found in Ba2YIrO6 [23], the Ir-related
defect spin centers might occur also at the Y site. In
this situation, as our numerical simulations show [50],
magnetic defects even in a moderate concentration of
∼ 5− 8 % could form extended correlated clusters.
Conclusions.– Our multifrequency ESR experiments
on the pentavalent iridium double perovskite Ba2YIrO6
reveal different paramagnetic centers with the total con-
centration of ∼ 4 % and completely explain the overall
static magnetic response. The major contribution can be
unambiguously assigned to the defect Ir6+ S = 3/2 sites
which show clear signatures of magnetic interaction at
temperatures below ∼ 20 K. These experimental results
give evidence that the regular Ir5+ (5d4) ions remain in
the nonmagnetic J = 0 state in Ba2YIrO6, which ques-
tions, in general, the scenario of the breakdown of the
spin-orbit coupled jeff states in the 5d
4 double perovskite
iridates and the occurrence of a weak magnetic moment
on every Ir5+ (5d4) site. In turn, our findings highlight
the relevance of the long-range magnetic interactions in
55d double perovskites proposed in recent theoretical mod-
els which might be even responsible for the magnetic or-
der of defect Ir-based spin centers in Ba2YIrO6 if their
concentration exceeds a certain threshold value.
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STATISTICAL ANALYSIS OF THE DISTRIBUTION OF MAGNETIC CENTERS
Numerical simulations
For a better understanding of the experimental results we have performed numerical simulations of the statistical
distribution of paramagnetic centers in Ba2YIrO6 as a function of their concentration n and analyzed the dependence
of the average distance between the defects on n and the formation of clusters and the evolution of their size as a
function of n. A cluster is defined as a group of magnetic defects interacting over a given distance, and the cluster
size means the number of such defects in the group.
The double perovskite (DP) structure A2BB
′O6 can be understood as the superposition of two interpenetrating
simple perovskite (SP) lattices ABO3 and AB
′O3, i.e., if B = B′ it reduces to the pervoskite lattice ABO3. The
majority of paramagnetic species giving rise to magnetism of Ba2YIrO6 were identified in the ESR experiments with
Ir4+ (S = 1/2) and Ir6+ (S = 3/2) centers. If these centers reside exclusively on the B′ = Ir sites of the DP lattice
then the shortest exchange interaction path p1 would involve two oxygen bridges Ir–O–O–Ir, and the next one p2
could involve the Y3+ nonmagnetic site, Ir–O–Y–O–Ir [1]. If, however, these centers may occupy both B′ and B sites
then the shortest exchange path p0 would be between the two neighboring corner-sharing octahedra B
′O6 and BO6.
In this case, the problem reduces to the on the SP lattice. For completeness, one can also define a direct geometrical
distance d between two spin centers which could be relevant for dipole-dipole interaction.
The algorithm of the simulation program includes the random filling up with a given percentage of defects n an N3
cubic lattice with the edge length of N = 51 sites. The lattice could be either DP or SP where the average smallest
distance Dav between the defects in the relevant units pi (i = 0, 1, 2) or d is calculated in the next step. To improve
the statistics, the simulation is repeated several times and the results are averaged.
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FIG. S1: (a) Definition of exchange path units in the DP lattice A2BB
′O6: between nearest corner shared octahedra
B′O6 and BO6 – p0; via two oxygen bridges B′–O–O–B′ – p1 ; via the bridge B′–O–B–O–B′ – p2; d is the
geometrical distance between two selected sites; Average distance between the defects in an SP (b) and DP (c)
lattice as a function of the defect concentration n for four differently defined distance units p0, p1, p2 and d. Solid
lines are guide for the eye. (see the text)
In Fig. S1 the average distance Dav between the defects in the above introduced definitions of the distance units is
plotted as a function of the defect concentration n for SP and DP lattices. As expected, Dav shrinks with increasing
n. Interestingly, it drops down very fast in the range 0 < n . 2 % and then decreases smoothly further for higher n.
In the SP lattice with 2 % of defects, Dav amounts to two shortest exchange path units p0, whereas in the DP lattice
with the shortest exchange path p1, one reaches Dav = 2p1 at n = 5.5 % only. To illustrate the distribution of the
defect centers, we show in Fig. S2 examples of the stochastic filling of an SP lattice with defects for three values of n.
2Defect centers which generally can occur at every site are visualized as small colored spheres. Spheres with the same
color are connected via exchange path of the same length. The number of particles with shorter interaction lengths
rapidly grows with n, as expected.
Fig. S3 visualizes the formation of clusters on the SP lattice with increasing the concentration of defects n. Defects
are depicted as small differently colored spheres. Defects belonging to the same cluster have the same color. The color
itself has no special meaning and is chosen randomly for different clusters. While at the smallest concentration of 2 %
there are practically no clusters formed, they become appreciable at n = 4 %, and at n = 10 % almost all defects are
coupled in one cluster.
Fig. S4 presents the results of the cluster analysis where several relevant quantities obtained from the simulations
are plotted as a function of the concentration of the paramagnetic centers n. The distance between the neighboring
centers in a cluster is defined in exchange path units p0, p1 and p2, respectively. In panel (a) the number of clusters in
the lattice is normalized to the number of total lattice sites available for the defects Nnormcl . At small n, the number
of defects increases without forming any clusters. At a certain concentration, the clusters begin to form and their
number grows with further increasing n. However, above some specific concentration of defects, which depends on
(a) 2 % (b) 4 % (c) 10 %
FIG. S2: Examples of the distribution of defects (colored spheres) on an SP lattice with the edge length of N = 21
sites for three selected concentrations n. The color identifies the defects having the same distance to the nearest
neighbor defined in the units of the exchange path p0: dark blue = p0; light blue = 2p0; green = 3p0; orange = 4p0,
and red≥ 5p0. (see the text)
(a) 2 % (b) 4 % (c) 10 %
FIG. S3: Examples of the clustering of defects (colored spheres) on an SP lattice with the edge length of N = 21
sites with increasing their concentration n. The defects are connected in a cluster by the maximum exchange path
length of 2p0. Defects belonging to the same cluster have the same color. (a) n = 2 %, practically all defects are
independent; (b) n = 4 %, defects are coupled in mid-size clusters; (c) n = 10 %, practically all defects belong to the
same cluster.
3the chosen interaction distance between the defects in the cluster (p0, 2p0, p1, or 2p1) and the type of the lattice
(SP or DP), the number of clusters decreases since more and more defects are joining the same cluster. Panel (b)
depicts the concentration dependence of the average cluster size Sav. Remarkably, Sav grows exponentially with n for
all types of interaction distances. Panel (c) shows the dependence on n of the size of the largest cluster normalized
to the number of all defects Snormmax . The value of 1 means that all defects belong to one cluster. It is instructive to
define a threshold concentration nth at which S
norm
max = 0.5 meaning that one half of the defects belongs to the largest
cluster. The average cluster size at the concentration nth amounts to ≈ 8(±1) irrespective of the chosen interaction
distance [Fig. S4(b)].
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FIG. S4: Results of the cluster analysis for SP and DP lattice for three differently defined distance units p0, p1 and
p2. Dependence on the defect concentration n of: (a) number of clusters normalized to the number of total lattice
sites Nnormcl ; (b) average cluster size Sav; (c) size of the largest cluster normalized to the number of all defects S
norm
max .
Horizontal dashed line in (c) indicates the level at which one half of all defects in the lattice belongs to the largest
cluster. The corresponding threshold concentration nth where the line intersects the curves depends on the distance
between the centers in the cluster. Solid lines are guides for the eye. (see the text)
Discussion
According to the above analysis, the full percolation in the DP lattice is achieved at the concentration of defects
in the range 20 - 30 % depending on the length of the chosen exchange path p1 or 2p1 [Fig. S4(c)]. For the case
of the SP lattice it reduces to 8 - 20 %, respectively. Since the samples studied in the present work do not order
magnetically and the concentration of magnetic centers is relatively small (∼ 4 %), the situation is far away from the
full percolation. Still, magnetic correlations are evident from susceptibility and ESR data. This supports theoretical
ideas of long-range character of superexchange in the 5d DP compounds [1, 2] whereas some antisite Y↔ Ir disorder
might also play a role [3]. Significant antisite disorder which effectively reduces the interactions between magnetic
centers to the case of the SP lattice with shorter exchange paths might help to rationalize the occurrence of magnetic
order in ”stronger magnetic” samples. However, at least in the case of ”weaker magnetic” samples studied in the
present work it remains an open question if one could treat Ba2YIrO6 as a simple perovskite.
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